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Flies usually have six
legs, but mutations in
the Antennapedia locus
can convert the
sensory antennae into
legs, so they can have
as many as eight legs.
For many years I tried
to find out whether
these were smelling
legs or walking
antennae, but I never
succeeded in getting any reply from
the professionals other than that the
bristle pattern had changed and that
was all that was important. In fact,
one of them told me he could see a
leg in one bristle, and an eye in one
patch of cells. My guess is that the
transformed appendage is incomplete
and only looks like a leg. 
Today, fly mechanics can change
Drosophila at will by genetic tricks.
All one needs is the right gene with a
good promoter and wing cells can be
turned into eyes. Again, I am sure
that these only look like eyes and are
not eyes that the fly can look with —
a pity, because an extra eye on the
undersurface of the wing would be
useful for landing in crowded cages. 
By transplanting inducing tissue
at the appropriate time, experimental
embryologists converted the skin of
tadpoles into retina, and the eye that
formed came to lie at the rear of the
frog when the tadpole underwent
metamorphosis. Although it would
have been useful for reversing, this
eye was unfortunately nonfunctional.
Ganglion cells formed in the ectopic
eye and axons grew forwards into the
brain, interestingly confined to one
column in the spinal cord. But when
they reached the brain the axons
ramified all over the surface,
hopelessly lost.
How axons find their correct
partners is one of the most
fascinating problems in embryology.
Years ago, I spent considerable time
on this question of the accurate
wiring of neuronal projections from
the retina to the tectum. This retino-
tectal mapping — once referred to in
a journal column as the tetano-rectal
projection, probably because the
author had a submerged memory of
the frog with the rear eye — was
well restored after the optic nerve
was cut in frogs, although there were
some errors. 
Roger Sperry formulated the
chemo-affinity theory, in which he
proposed that accurate wiring
depended on chemical codes that
brought matching neurons together.
Szilard thought that would be like an
antigen–antibody recognition, and
because there are so many cells in
the brain, and even more synapses,
most neurobiologists did not think
that neurons could be individually
coded. In fact, one stated that there
were not enough nucleotides in
human DNA to code for the
specificity of 1010 neurons in the
human brain.
Such remarks are a challenge, so I
invented a simple way by which
something like 5 × 106 specificities
could be coded for by 112 genes. It
went something like this. Imagine a
square array of cells and consider, for
the moment, only one of the
coordinates. We start at the left end,
and the first cell sends a signal to its
right-hand neighbour which induces
that cell to turn on two genes; one of
these makes a specific surface code
and the other makes a signal which
goes to its neighbour to induce a new
state in it. We have several of these
working in parallel; the first is a two-
state system writing 1, 2, 1, 2, 1, 2, . . .
on the array, and the second is a
three-state system writing
1, 2, 3, 1, 2, 3 . . . Note that this comb-
ination defines six different cells:
(1,1), (2,2), (1,3), (2,1), (1,2), (2,3) . . .
All we have to do now is add more
systems, each of which has a different
prime number of states.
Thus, 2-, 3-, 5-, 7- and 11-state
systems will give 2310 different
combinations (from 2+3+5+7+11
=28 variables). As we need a gene
for the signal and another for the
code, we can do it in one dimension
with 56 genes. Two dimensions need
112 genes, which would provide a
total of 2310 × 2310, or about 5
million different combinations.
These numbers increase very rapidly,
so that by the time one reaches
19-state systems, one has added only
another 98 genes (13+17+19 gene
pairs) but these can encode about 107
specificities in one dimension and
1014 in two, enough for all the
synapses in a brain.
Gödel, in his famous proof, used
prime numbers to encode statements
uniquely so that he could turn them
into arithmetic; this theory used the
same trick. If I recall correctly, I even
provided a plausible biochemical
model — a ‘don’t worry’ theory — in
which the different states were
recorded as carbohydrate
modifications; the decoding was
done in the receptor cells by the
computation of sets of enzymes that
removed the modifications, and
recognition was achieved only when
all were removed.
My theory never saw the light of
day, because although logically
correct it cannot be true. Firstly, I
had serious doubts about prime
numbers in Nature; but more fatally,
it would take too long to generate. I
discovered from the biochemical
literature that it took about two
hours to turn on a gene and produce
its protein in animal cells. The
sequential process over 2310 steps
would therefore take about 4600
hours to complete, which makes it
impossibly slow. Also, errors in the
system generate profound messes,
analogous to frame-shift mutations
in genes.
Paul Sigler, a crystallographer,
liked this theory and urged me to
publish it. I tried to think of titles:
“Gödelization of the Retinal Field”
was one, but the one I liked best was
“Dotting the eyes”.
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